We investigated the consistency of association network structure for groups of sticklebacks
36
The nature and distribution of interactions between group living animals, and the consequences 37 of these, can be complex. Social network analysis encompasses statistical approaches designed to observed on two occasions each, and using a fully factorial experimental design we varied the 83 size of the arena in which they were observed, and the length of time between the two 84 observations. We quantified both pairwise interactions and group level metrics. The latter 85 included the total proportion of pairwise interactions observed and whether these were evenly 86 distributed or skewed, leading to the formation of cliques. We also recorded the number of 87 smaller units into which the shoals split, and the size of the largest of these.
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We predicted that within groups we would see positive correlations between the strengths of 90 pairwise associations between the two observation trials. This is reasonable since active choice 
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The aquaria contained coarse sand and artificial plants and were fitted with an external filter.
107
They were maintained at 8° C with a 12:12 dark to light photoperiod for the duration of the Fish were organized into experimental groups the day before observations began. In total we 113 tested 40 such groups. In the main experiment we quantified social network structure for each of 114 20 groups on two occasions, according to a fully factorial experimental design in which we 115 varied the size of the arena in which they were tested (small or large) and the amount of time 116 between the two observations (5 or 48 h), testing five groups in each of the four treatment 117 combinations, as described below. We tested a further 20 groups in the time-of-day experiment, 118 five in each of the arena size and morning / afternoon treatments, also described below. Each 119 replicate group consisted of eight adult fish measuring 35-40 mm in standard length. All eight 120 fish were taken from the same holding tank to control for familiarity, ensuring as far as possible 121 that all fish within each replicate group were equally familiar to one another, since familiarity 122 has been shown to have a weak effect on social network structure in this species (Atton et al. arena, according to a factorial experimental design (n=5 groups per treatment combination).
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Here, each group was only tested once. The test procedure was otherwise identical. We first used GLMs to compare the four metrics between the groups tested in the morning and 215 afternoon, including arena size, time of testing and the interaction between these as effects. We 216 then compared these to the metric scores obtained for the first and then the second trials in the 5 217 h inter-trial period treatment groups. This allowed us to determine whether any change in any of 218 the metrics seen in 5 h inter-trial groups was due to a time-of-day effect on behaviour that may 219 have been independent of the testing regime. Here we used GLMs with time (morning, afternoon 220 and first or second trial), arena size and the interaction between these as factors. These data were 221 used in multiple analyses. We did not perform any correction for multiple testing here (e.g. Pairwise association strengths were positively correlated between the first and second 238 observation for the majority of groups across the four treatment combinations (Fig. 1) We saw no differences in any of the four network metrics between groups of fish tested in the 257 morning or afternoon (Table II) . We then compared these metrics between groups tested in the 258 morning and afternoon and those of the main experiment groups tested twice in the short inter- We saw significant positive correlations between the first and second observations for the size of 274 the largest element in all treatment combinations, while other metrics were also significantly 275 correlated in some treatment groups (Table III) . A final and unexpected finding of our study was that some group network metrics, most 341 prominently the size of the largest subunit, were positively correlated across observation periods.
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Because the sample sizes within each treatment were low and because this observation was not 343 something we set out to investigate, we suggest these findings be treated as provisional and that 344 they need to be followed up with further research that explicitly investigates the consistency of 345 these and other metrics. Nonetheless, these data do at least suggest the possibility of group-level 
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Integrating association data and disease dynamics in a social ungulate: bovine tuberculosis in 
